ABSTRACT Three hundred and one women who in their most recent pregnancy had given birth to an infant with an important congenital defect were individually matched with 301 women whose children were normal. Both cases and referents were drawn from a comprehensive survey of pregnancies in Montreal, 1982-4 Case control studies in Finland have shown associations of organic solvent exposure with defects of the central nervous system1 2 and of oral clefts.3 Although efforts were made to avoid response bias, it could not be eliminated; these studies therefore require confirmation. In a comparison of 67 female lamination workers exposed to styrene and 67 employees in textile and food production there was no difference in the proportions of malformed children.4
Case control studies in Finland have shown associations of organic solvent exposure with defects of the central nervous system1 2 and of oral clefts. 3 Although efforts were made to avoid response bias, it could not be eliminated; these studies therefore require confirmation. In a comparison of 67 female lamination workers exposed to styrene and 67 employees in textile and food production there was no difference in the proportions of malformed children.4
A cohort of women who used styrene was linked to the Finnish Register of Congenital Malformations. The malformations observed were fewer than expected but the numbers were small.5
Laboratory workers who are exposed to solvents and other chemicals were found in Sweden to have an increased risk of gastrointestinal atresia, although this appeared to be lower than at first thought.6-8 In a series of university laboratory employees no excess risk of congenital malformations was found in those exposed to solvents (492) compared with those not so exposed (496)9 nor was an increased risk found for children of Danish laboratory workers in a casereferent study of malformations of the gastrointestinal tract, extremities, or oral clefts. 10 In the latter study there was also no increase in defects of the central nervous system in occupations where solvents Accepted 29 September 1986 were used.
An excess of macerated stillbirths and congenital defect was observed in leatherworkers who were mainly employed in the British shoe industry."
Among the malformations were three cases of trisomy 18 in an estimated 1200 births-a ratio of 1:400; the expected ratio was about 1:5000 births. An increased risk of stillbirth in leatherworkers, but not of fetal malformation, was later reported by our group in Canada.12 Cleft lip and palate were studied in Iowa and Michigan, two states where pesticides are widely used,'3 with some evidence of an association.
Potential exposure of agricultural workers and their wives to 2-4-5-T was examined in New Zealand with essentially negative results.14'6 A study of children of Australian VietNam veterans exposed to herbicides was also negative.'7 After the Seveso disaster in northern Italy dioxin, which occasionally contaminates 2-4-5-T, was not incriminated as a teratogen. 1 8 Metals generally pass the placenta'9 and so are potentially hazardous to the fetus. In female employees of a smelter in Northern Sweden exposed to lead, arsenic, and sulphur dioxide some increase in the rate of congenital malformations was reported20; it was thought unlikely that lead could have been responsible.2' Several studies have shown a correlation between lead concentrations in children and 527 528 mental development. In most of these the lead was probably absorbed after birth22; however, the confounding effect of socioeconomic status could not be eliminated. There is no evidence that metallic mercury is a fetal hazard but, when converted in the environment to organic forms, serious damage resulted in two major epidemics. The disease was first recognised in Japan in 1953 in an infant in Minamata City; subsequent cases in the area were traced to the consumption of fish contaminated by mercury from industrial effluent. Children and adults were affected and, in congenital cases, there was gross cerebral damage and growth retardation. 23 The Japanese epidemic lasted for a long time and the situation is still under observation. In Iraq, where a large epidemic was caused by contaminated grain, the disease was similar but fewer infants were affected. 24 Two In the ascertainment of pregnancy outcome special attention was given to spontaneous abortion, stillbirth, birth weight, gestation period, and congenital defect. In current pregnancies the information was obtained from medical records and in previous pregnancies by questioning the mothers; in both the McDonald, Lavoie, Cote, McDonald data were supplemented by further inquiries addressed to physicians and hospitals.
Results of a first analysis dealt with broad categories of adverse pregnancy outcomespontaneous abortion, stillbirth, prematurity, and congential defect-as related to full time employment in the first trimester.3' Sixty specific types of employment were considered, as defined by standard classifications of Statistics Canada. The purpose of this analysis was to put the main risks in general perspective in preparation for detailed examination of each type of adverse outcome. The volume of data from questionnaires and additional field inquiries on both work demands and various types of occupational exposure, together with the complex variety of hours and patterns of work, necessitated this phased approach.
So far as congenital defects were concerned, the preliminary report showed that of 23 007 women employed at the time of their current conception and still pregnant at the 20th week, 822 (3 6%) gave birth to a child with defect. The comparable figures in the previous pregnancies of 17 886 women were similar, 605 (3 4%). After allowance by logistic regression for seven confounding factors, the ratio of observed (0) to expected (E) numbers of defects was increased significantly (p < 0-05) in service (O/E = 117) and manufacturing (O/E = 1-14) sectors. Analysis of the data in 60 occupational categories showed significantly increased ratios in women employed in child care (O/E = 2-19; p < 0-01), in certain service occupations (O/E = 1 54; p < 0 05), and in the manufacture of metal and electrical goods (O/E = 1-36; p < 0 05).
In the present paper we report on the findings from a case-referent study that compared chemical exposures in the first trimester for a selected sample of women who in their current pregnancy gave birth to a malformed infant with those of similar women whose children were normal.
Selection of subjects
The case series comprised 301 women who, in their current pregnancy (that just completed at time of interview) had given birth to a live or stillborn infant considered to have an important congenital defect. Only women employed for 30 or more hours a week from time of conception until the end of the 12th week of pregnancy were included. In the series were 51 women whose pregnancy had been terminated because a fetal defect had been detected by ultrasound or amniotic fluid cytology. Spontaneous abortions of a defective fetus before the 20th week of pregnancy were not included. Among the 301 pregnancies were six in which the defect was present in one of twins and Chemical exposures at work in early pregnancy and congenital defect: a case-referent study one In the first group information about possible exposures was usually obtained by visits from JL or RC to the workplace. In the second group information was obtained by telephone from the employer or other appropriate person. Each case-referent pair was numbered in sequence and code letters A or B assigned to case or referent in random order. The pairs were then divided between the two hygienists, kept blind as to code, odd numbered pairs to JL and even to RC. Field inquiries were made by visit or telephone according to plan or, if outside greater Montreal, in whatever way seemed most efficient. JL and RC systematically discussed their findings in various employment situations to improve and standardise the quality of the information obtained.
After recording the products to which the women were exposed at work, chemical compositions were determined where necessary by correspondence with the manufacturers. Two parameters of severity were estimated for each exposure (a) average intensity during the period of use and (b) maximal intensity reached. Both parameters were separately graded as light, moderate, or heavy. This was a subjective judgment using agreed guidelines: "slight" implied that the exposure though known to be present was not readily detectable, "moderate" that it was readily detectable but at levels below any control limit, and "strong" present at levels that caused discomfort. In addition, the estimated duration of maximal exposure per week was recorded. These quantitative assessments of exposure proved difficult to make and have limited validity.
McDonald, Lavoie, C6te, McDonald For the purpose of analysis all chemical exposures recorded for any case or referent were listed alphabetically and classified in consultation with an experienced toxicologist into nine categories: aliphatic solvents, aromatic solvents, plasticisers and plastics, metals (including fume), oils, detergents, gases, a combined group of bactericides, fungicides and pesticides, and a miscellaneous remainder. Inevitable problems in classification were resolved without knowledge of pregnancy outcome. The miscellaneous group largely comprised acids, bases, surface irritants, and substances that, in the opinion of our toxicological adviser, were unlikely to be absorbed or to have fetotoxic potential.
Of the 602 women investigated, 428 (71 %) had no chemical exposure of any sort; the remaining 174 women were exposed to one or more of 260 identifiable chemicals or compounds, 256 of which were allocated to one of the nine categories and four to two categories. Three quarters (74%) of the 174 women were exposed to more than one chemical, 63 (37%) from two to five, 36 (21 %) from six to ten, and 28 (16%) 11 or more. The proportion of cases exposed (32%) was slightly higher than of referents (26%), mainly due to an excess of single exposures (30 compared with 15). The proportion of women with multiple exposures was similar in the two groups (cases 22%; referents 18%).
Results
The data were analysed in case-referent pairs by type of malformation and type of exposure in terms of intensity and nature. Each pair was first examined for any recorded chemical exposure and classified as concordant or discordant in three grades of severity. This analysis, shown in table 1, indicates that there were few differences in the distribution of moderate or severe exposures for specific defects and their referents but rather more differences when exposures of all grades were considered. Two groups of defects had an excess of cases only exposed compared with referents only: cardiac (10:5) and miscellaneous (15:7). Within the cardiac group some evidence of inequality (4:0) is seen with the seven cases of Fallot's tetralogy. The four exposures in question had little in common: three of moderate severity included chemicals used in printing (acetic acid, hydroquinone, ammonium thiocyanate), soldering (toluene, turpentine, pine resin fume), and nursing (isopropanol, chlorhexidine, gluconate); the light exposure was to detergents used in a snack bar. In the miscellaneous group were four limb deformities in which the mother was exposed compared with one referent (4: 1). In all four exposed cases cleansing agents were used-three containing sodium hypochlorite; in only one was the exposure of Chemical exposures at work in early pregnancy and congenital defect: a case-referent study moderate degree. Among the cases of multiple defect no particular chemical agent appeared to be responsible for the excess (9:5) .
An analysis is presented in table 2 by the nine chemical categories without regard for severity of exposure. The pairs in which both case and referent were exposed are shown separately to indicate the overall frequency of contact with the various materials. Except for the aromatic solvents (case-referent ratio 18:8), the differences appear small and unimportant; most of the difference is concentrated within renalurinary defects (ratio 9:0). In this group six of the nine exposures were to toluene, together with xylene in one and isophorone and an aromatic solvent (type unspecified) in another; two of the three other exposures were to benzyl alcohol and B phenoxy ethanol and one to styrene and aromatic solvent (type unspecified).
Details of the 19 cases and nine referents exposed to aromatic solvents (including the one concordant pair) are set out in table 3. The difference between the two series is almost wholly in respect of toluene (11:3) with perhaps some excess of aromatic solvent (type unspecified) (7:4) . The defects associated with the latter two solvents were varied: renal-urinary (7), gastrointestinal (4), cardiac (2), spina bifida (2), and cataract (1) fects of the central nervous system, oral clefts, gastrointestinal atresia, and sacral agenesis. In some of these studies there was the possibility of response bias whereas our data on exposure were collected and coded without knowledge of outcome.
Our results throw most suspicion on toluene and to a lesser extent on aromatic solvent, type unspecified, which commonly contains toluene. The associated anomalies, although predominantly renal-urinary and gastrointestinal, were quite heterogeneous and the reported exposures were not impressive. Organic solvents cross the placenta,36 however, and concern has been expressed that toluene, increasingly used as a substitute for benzene, is embryotoxic.37 The exposures were probably low but there is evidence that toluene may be taken up and accumulated in fatty tissue better than most other solvents.38 Three cases *reported by Hersh et al describe a variety of central nervous system, craniofacial, and limb anomalies in children born to women who inhaled (sniffed) large quantities of pure toluene in pregnancy.39 Two of these three children had also urinary tract abnormalities similar to those observed in our study.
Overall, our data suggest that in Montrealperhaps in North America generally-some 30% of pregnant women have some occupational exposure to chemical substances, usually at a low level. In this study only women without a major change in occupation before the 13th week of pregnancy were included; others may have left work earlier or been -reassigned to a job without chemical exposure. Paternal exposure will be examined later.
